On March 30, 2017, the U.S. Food and Drug Administration (FDA) approved osimertinib for the treatment of patients with metastatic, epidermal growth factor receptor (EGFR) T790M mutation-positive, non-small cell lung cancer (NSCLC), as detected by an FDA-approved test, whose disease has progressed following EGFR tyrosine kinase inhibitor (TKI) therapy. Approval was based on demonstration of a statistically significant difference in the primary endpoint of progression-free survival (PFS) when comparing osimertinib with chemotherapy in an international, multicenter, open-label, randomized trial (AURA3). In this confirmatory trial, which enrolled 419 patients, the PFS hazard ratio for osimertinib compared with chemotherapy per investigator assessment was 0.30 (95% confidence interval 0.23-0.41), p < .001, with median PFS of 10.1 months in the osimertinib arm and 4.4 months in the chemotherapy arm. Supportive efficacy data included PFS per blinded independent review committee demonstrating similar PFS results and an improved confirmed objective response rate per investigator assessment of 65% and 29%, with estimated median durations of response of 11.0 months and 4.2 months, in the osimertinib and chemotherapy arms, respectively. Patients received osimertinib 80 mg once daily and had a median duration of exposure of 8 months. The toxicity profile of osimertinib compared favorably with the profile of other approved EGFR TKIs and chemotherapy. The most common adverse drug reactions (>20%) in patients treated with osimertinib were diarrhea, rash, dry skin, nail toxicity, and fatigue. Herein, we review the benefit-risk assessment of osimertinib that led to regular approval, for patients with metastatic NSCLC harboring EGFR TKI whose disease has progressed on or after EGFR TKI therapy. The Oncologist 2018;23:353-359 Implications for Practice: Osimertinib administered to metastatic non-small cell lung cancer (NSCLC) patients harboring an EGFR T790M mutation, who have progressed on or following EGFR TKI therapy, demonstrated a substantial improvement over platinumbased doublet chemotherapy as well as durable intracranial responses. The ability to test for the T790M mutation in plasma using the FDA-approved cobas EGFR Mutation Test v2 (Roche, Basel, Switzerland) identifies patients with NSCLC tumors not amenable to biopsy. Since a 40% false-negative rate has been observed with the circulating tumor DNA test, re-evaluation of the feasibility of tissue biopsy is recommended to identify patients with a false-negative plasma test result who may benefit from osimertinib.
blinded independent review committee demonstrating similar PFS results and an improved confirmed objective response rate per investigator assessment of 65% and 29%, with estimated median durations of response of 11.0 months and 4.2 months, in the osimertinib and chemotherapy arms, respectively. Patients received osimertinib 80 mg once daily and had a median duration of exposure of 8 months. The toxicity profile of osimertinib compared favorably with the profile of other approved EGFR TKIs and chemotherapy. The most common adverse drug reactions (>20%) in patients treated with osimertinib were diarrhea, rash, dry skin, nail toxicity, and fatigue. Herein, we review the benefit-risk assessment of osimertinib that led to regular approval, for patients with metastatic NSCLC harboring EGFR TKI whose disease has progressed on or after EGFR TKI therapy. The Oncologist 2018; 23:353-359 INTRODUCTION Platinum-based doublet chemotherapy was the standard firstline treatment for patients with metastatic non-small cell lung cancer (NSCLC); median survival with this approach is approximately 8-12 months, versus 3-6 months with best supportive care [1] . The discovery of molecular pathways and actionable mutations has led to the development of agents that target specific mutations and pathways in tumor cells [2] . Activating mutations within the tyrosine kinase domain of the epidermal growth factor receptor (EGFR) gene in NSCLC (such as exon 19 deletions or the L858R point mutation in exon 21) were first reported in 2004 and are identified in 10%-20% of patients with NSCLC in the West and 30%-40% in Asia [3] . The presence of exon 19 deletions or the L858R point mutation in exon 21 predicts sensitivity to EGFR tyrosine kinase inhibitors (TKIs) such as erlotinib and gefitinib, first-generation reversible inhibitors, and afatinib, a second-generation irreversible inhibitor [4, 5] . Most responding patients develop an acquired resistance to an EGFR TKI approximately 9-13 months after initiation of treatment [6] . The most common mechanism of resistance is acquisition of the gatekeeper mutation in EGFR T790M identified in 50%-60% of cases [7, 8] . After emergence of resistance to EGFR TKIs, median survival is typically less than 2 years [9] .
Preclinical studies have shown that osimertinib, an oral third-generation EGFR TKI, demonstrated antitumor activity against NSCLC lines harboring certain mutant forms of EGFR, such as T790M, L858R, and exon 19 deletion, while sparing EGFR wild type [10] . Studies have also shown that osimertinib is distributed to the brain in multiple animals with brain-toplasma area under the curve ratios of approximately 2 following oral dosing [11] . Tumor regression and increased survival were observed in osimertinib-versus control-treated animals in a preclinical mutant-EGFR intracranial mouse metastasis xenograft model (PC9; exon 19 deletion) [12] . Osimertinib has limited activity in patients with T790M-negative acquired resistance. Data from the AURA study showed osimertinib achieved better response rates (objective response rate [ORR] 61% vs. 21%) in patients with T790M-positive versus T790M-negative tumors [13] .
REGULATORY HISTORY
On April 16, 2014, the U.S. Food and Drug Administration (FDA) granted Breakthrough Therapy designation to osimertinib based on preliminary clinical evidence that osimertinib may provide a substantial improvement over existing therapies for patients with metastatic NSCLC whose disease has progressed on EGFR-targeted therapy and whose tumors harbor a T790M mutation. On November 13, 2015, the FDA granted accelerated approval to osimertinib for the treatment of patients with metastatic EGFR T790M mutation-positive NSCLC, as detected by an FDA-approved test, whose disease has progressed on or after EGFR TKI therapy. Accelerated approval was based on the results of two single-arm clinical trials documenting a 59% objective response rate with a median duration of response of 12 months [14] . On November 13, 2015, the cobas EGFR Mutation Test v2 (Roche, Basel, Switzerland) was originally approved, along with accelerated approval for osimertinib, for the detection of the EGFR exon 20 T790M substitution mutation in formalin-fixed, paraffin-embedded tumor tissue specimens based on performance using patient specimens from the AURA2 study [15] . On September 28, 2016, the indication for the cobas EGFR Mutation Test v2 was expanded to include the detection of the T790M substitution mutation in circulating tumor DNA (ctDNA) isolated from plasma samples [16] .
CLINICAL TRIAL DESIGN
The approval of osimertinib for treatment of patients with advanced or metastatic EGFR T790M mutation-positive NSCLC, whose disease had progressed following first-line treatment with an EGFR TKI, was based on efficacy and safety data from the AURA3 trial (NCT02151981), a randomized, multicenter, open-label, active-controlled trial. All patients were required to have EGFR T790M mutation-positive NSCLC identified by the cobas EGFR Mutation Test v2 performed in a central laboratory [17] . Eligible patients were randomized (2:1) to receive osimertinib or platinum-based doublet chemotherapy, respectively. AURA3 included patients with asymptomatic brain metastases not requiring steroids for at least 4 weeks prior to start of study treatment. Patients randomized to the chemotherapy arm with radiological progression according to both the investigator and the blinded independent central review (BICR) were offered treatment with osimertinib at the time of disease progression.
The primary efficacy outcome measure was progressionfree survival (PFS) by investigator assessment using Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1. Additional efficacy outcome measures included ORR, duration of response (DoR), and overall survival (OS). A prespecified, exploratory, noncomparative subgroup analysis of intracranial ORR by BICR was performed in patients with measurable central nervous system (CNS) metastases at baseline. A sample size of approximately 410 patients and a total of 221 PFS events were required to provide 80% power to detect superiority in PFS at a two-sided alpha level of 5%. This sample size assumed that PFS followed an exponential distribution with a median PFS of 6 months in the chemotherapy arm and 9 months in the osimertinib arm and a hazard ratio (HR) of 0.67. This sample size provides at least 75% power to detect an OS HR of 0.72 with a two-sided alpha level of 5%, assuming a median OS of 16 months in the chemotherapy arm and 22 months in the osimertinib arm, when approximately 287 events have occurred.
For the secondary endpoint of OS, all efficacy analyses were conducted in the intent-to-treat population, and a hierarchical procedure was used to adjust for multiplicity in testing endpoints in the order of PFS, ORR, and OS. Both PFS and OS were analyzed using a log-rank test stratified by ethnicity (Asian vs. non-Asian). No interim analyses for PFS were planned. Two interim analyses were planned for OS, at 4 months after data cutoff for the primary analysis (25% maturity) and after approximately 205 (71%) events. The Lan-DeMets method for approximating the O'Brien-Fleming boundary method was used for alpha allocations of 0.001 (two-sided) and 0.016 (twosided) for the two interim analyses and 0.045 (two-sided) for the final analysis. The secondary endpoints of ORR and DoR were analyzed at the time of the primary PFS analysis.
The primary safety analysis was based on the safety analysis population of AURA3 supported by pooled safety data of patients enrolled across four trials and was of adequate size to characterize the adverse reactions to osimertinib. A total of 833 patients from AURA3 (n 5 279), AURA Extension (n 5 201) [18] , AURA2 (n 5 210) [19] , and the expansion cohort from the first-in-human trial of osimertinib, AURA1 (n 5 143) [13] , received osimertinib at the recommended 80 mg once daily dose.
RESULTS
A total of 1,036 patients were screened at 126 sites in 18 countries; of these, 419 patients were determined to be eligible, provided consent, and were randomized 2:1 to receive osimertinib (n 5 279) or platinum-based doublet chemotherapy (n 5 140). Baseline demographics were similar between treatment arms. Key demographic and disease characteristics are summarized in Table 1 . At the time of the data cutoff for the PFS analysis, 113 (41%) patients in the osimertinib arm and 120 (88%) patients in the chemotherapy arm had discontinued assigned treatment. Of those randomized to chemotherapy, 82 (59%) patients initiated osimertinib at the time of disease progression.
Efficacy
Efficacy results are shown in Table 2 and Figure 1 . The FDA accepts PFS as a surrogate endpoint for approval if the results of new treatment compared with available therapies are highly robust and clinically and statistically significant [20] . The results of AURA3 demonstrated a clinically meaningful, highly robust, and statistically significant improvement in the primary efficacy endpoint of PFS, according to RECIST version 1.1 as assessed by the investigator, which was supported by the BICR-assessed At the time of the PFS analysis, there were 109 deaths, corresponding to 38% of the events for the planned final analysis. At the time of this interim analysis, there was no significant difference in survival between arms, and the median survival could not be estimated in either arm. Estimates of OS were not reliable because of immaturity of the data.
The approval of the cobas EGFR Mutation Test v2 using ctDNA obtained from K2-ethylenediamine tetraacetic acid (EDTA) plasma specimens was based on the results from a proportion of patients who were screened for enrollment into the AURA2 study. The patients included in the approval were those with valid EGFR T790M mutation-positive ornegative results from tissue who had plasma samples available for testing [14] . The comparison of T790M results between ctDNA and tissue specimens, excluding invalid results, yielded a positive percent agreement of 58.4% (128/ 219; 95% CI 51.8%-64.8%), a negative percent agreement of 80.4% (90/112; 95% CI 72.0%-86.7%), a positive predictive value of 85.3% (128/150; 95% CI 78.8%-90.1%), and a negative predictive value of 49.7% (90/181; 95% CI 42.5%-56.9%). As limited data were provided for patients who were EGFR T790M mutation-positive in plasma and EGFR mutation-negative or -unknown in tissue, the ctDNA plasma test is indicated to be most appropriate for patients from whom a tumor biopsy cannot be obtained.
Safety
The safety database was considered adequate in terms of size, exposure to osimertinib, duration of treatment, and disease characteristics with reference to the U.S. target population. The median duration of exposure to osimertinib in the entire safety 
Disease
Patients with metastatic NSCLC who have progressed on or after EGFR TKI have a serious and life-threatening condition with a median survival of approximately 2 years. Treatment with standard chemotherapy is associated with limited benefit and results in a wide range of serious toxicities. Unmet medical need EGFR-positive, metastatic NSCLC is a life-threatening disease. First-line treatment for these patients is primarily first-or second-generation EGFR TKIs (e.g., erlotinib, gefitinib, or afatinib); however, patients typically develop treatment-resistant disease within the first year of treatment. The majority (60%) of these resistances involves the development of EGFR T790M mutations.
Clinical benefit
Osimertinib met efficacy standards for accelerated approval based on demonstration of durable ORR of large magnitude in two single-arm trials and now meets efficacy standards for traditional approval based on confirmation of clinical benefit in a large, randomized, adequate, and well-controlled trial (AURA3). The magnitude of effect in the confirmatory trial (AURA3) is large and clinically meaningful and demonstrates a significant improvement in the treatment of an advanced EGFR-mutant NSCLC population with 5-year survival less than 15%. [ 
23] Risk
Overall, the safety of osimertinib appears to be acceptable relative to the benefit. The safety profile compares favorably with the profile of other approved EGFR TKIs and compares favorably with chemotherapy. The larger datasets coupled with longer duration of exposure for the pooled safety analysis did not reveal an increased incidence of the adverse drug events of ILD/pneumonitis, prolonged QTc interval, or decrease in cardiac contractility and are adequately addressed by information in the Warnings and Precautions section and the dose modification recommendations included in the product labeling to allow appropriate management by treating oncologists. Uncertainties None Conclusions
Osimertinib meets the criteria for regular approval based on a favorable benefit-risk profile for the treatment of patients with metastatic EGFR T790M mutation-positive NSCLC, as detected by an FDA-approved test, who have progressed on or after TKI therapy. Osimertinib demonstrated an improvement over currently available therapies with a risk profile acceptable compared with the clinical benefit offered.
database was 16.9 months. In AURA3, the median duration of exposure to osimertinib was 8 months, and all 279 patients randomized to receive osimertinib received at least one dose. Important identified risks of osimertinib include interstitial lung disease (ILD)/pneumonitis, QT interval adjusted for heart rate (QTc) prolongation, and cardiomyopathy. As shown in Table 4 , the most common adverse reactions (20% of patients) in the osimertinib arm were diarrhea, rash, dry skin, nail toxicity, and fatigue, whereas the most common adverse reactions (20% of patients) in the platinum-pemetrexed arm were nausea, decreased appetite, constipation, anemia, rash, and vomiting. Serious adverse events were reported in 18% of patients treated with osimertinib and 26% of patients treated with chemotherapy. No single serious adverse reaction was reported in 2% or more of patients treated with osimertinib. One patient (0.4%) treated with osimertinib experienced a fatal adverse reaction attributed to ILD/pneumonitis, and one patient treated with chemotherapy died from hypovolemic shock.
The incidence of serious and clinical significant adverse reactions was also evaluated in the pooled safety database (n 5 833). ILD/pneumonitis occurred in 3.5% (n 5 29) of osimertinib-treated patients (n 5 833); 0.6% (n 5 5) of cases were fatal. These clinical trials did not enroll patients with baseline QTc of greater than 470 msec. Of the 833 patients treated with osimertinib, 0.7% (n 5 6) developed a QTc greater than 500 msec, and 2.9% of patients (n 5 24) experienced an increase from baseline QTc greater than 60 msec. No QTc-related arrhythmias were reported. Cardiomyopathy (defined as cardiac failure, congestive heart failure, pulmonary edema, or decreased ejection fraction) occurred in 1.9% (n 5 16) of 833 patients treated with osimertinib and included 1 (0.1%) fatal event. Left ventricular ejection fraction (LVEF) decline greater than or equal to 10% and a drop to less than 50% occurred in 4.0% (26/655) of patients who had a baseline and at least one follow-up LVEF assessment and was similar between the two treatment arms. Keratitis was reported in 0.7% (n 5 6) of 833 patients treated with osimertinib.
DISCUSSION
On March 31, 2017, the FDA granted regular approval to osimertinib based on a favorable benefit-risk assessment for the treatment of T790M mutation-positive metastatic NSCLC following treatment with an EGFR TKI. Table 5 summarizes the FDA benefit-risk analysis. Additionally, an improvement in ORR over chemotherapy was demonstrated, with a similar magnitude to that observed in the trials supporting initial approval (ORR 65%, with median duration of response of 11.0 months).
In an interim analysis of OS, the prespecified boundary was not crossed; patient follow-up will continue until the planned second interim analysis of OS after 205 events and final analysis of OS after 287 events. The extent to which treatment after progression with osimertinib in 59% of those randomized to chemotherapy may impact the overall survival results may present challenges in interpretation of this data.
No important new adverse reactions were identified by the FDA during review of the data supporting the regular approval of osimertinib. The FDA concluded that the risks of osimertinib are acceptable in light of these efficacy results, the seriousness of the disease reflected by the short expected survival times for patients with metastatic EGFR T790M-positive NSCLC, and the lack of satisfactory and safer alternative treatments. Programmed cell death 1/programmed cell death ligand 1 inhibitors, although available in the second line, have demonstrated low response rates in patients harboring EGFR-sensitizing mutations [22] . Based on this favorable benefit-risk assessment, the FDA granted regular approval to osimertinib, providing patients with metastatic NSCLC harboring an EGFR T790M mutation an available option for second-line treatment following treatment with an EGFR TKI. The approval of osimertinib marks the first effective drug developed for use against the emergence of the gatekeeper mutation T790M following prior treatment with EGFR TKI therapy. With regard to approval of the cobas EGFR v2 companion diagnostic, the low agreement observed between plasma and tissue led to the recommendations that (a) presence of T790M mutation should be confirmed in tumor or plasma specimens, (b) testing in plasma is recommended only in patients for whom a tumor biopsy cannot be obtained, and (c) if the mutation is not detected in plasma, then the feasibility for a tumor biopsy should be reevaluated. Also, the absence of data in the plasma-positive, tissue-negative/unknown population led to a postmarket commitment to study outcomes in this patient population.
CONCLUSION
The magnitude of PFS improvement demonstrated in AURA3 was sufficiently large to be considered by the FDA to be direct evidence of clinical benefit; the hazard ratio of 0.30 corresponding to a 5.7-month increase in median PFS is similar to that observed with other targeted agents for treatment of oncogenically driven NSCLC. These results were confirmed by analysis of BICR-assessed PFS, which showed a slightly larger treatment effect; thus, in contrast to usual practice, the FDA included the results of the investigator-assessed PFS in the product labeling. These results, together with the safety profile of osimertinib, resulted in a favorable overall benefit-risk assessment and formed the basis of the FDA's decision to approve osimertinib for the treatment of patients with metastatic NSCLC harboring an EGFR T790M mutation whose disease has progressed on or after EGFR TKI therapy.
